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MULTIPHASE FIBER MATERIALS AND COMPOSITIONS, METHODS OF 
MANUFACTURE AND USES THEREOF 



Field of the Subject Matter 

The field of the subject matter herein is multiphase pre-fiber and fiber materials and 
compositions, fiber products, yarn products and carpet products, methods of manufacture and 
uses thereof. 

Background 

Fibers for consumer use, especially fibers that are incorporated into yarns, carpet 
products and fabrics/textiles, are constantly being evaluated for improvements with respect to 
aesthetics and performance. These improvements may relate to appearance retention, texture 
and surface appearance, softness and floorwear performance. Fibers and fiber products are 
also being evaluated to determine if there are more efficient and cost-effective manufacturing 
processes and equipment. 

Fibers, which can be used in the production of carpet products, such as wall-to-wall 
carpet, rugs and mats, are modified and in some instances improved to provide a certain yarn 
texture when they are incorporated into a carpet product and to provide a desired "look" for 
the space where the carpet product is being used. Additional issues that arise in the design of 
carpet fiber material and carpet products are daily and long-term performance and appearance. 

One method that is being used to modify the texture of fabrics is to incorporate fibers 
that have mixed deniers into the fabric product. Denier (or fiber denier) is a physical property 
of a particular fiber and can be defined as: "A direct yarn numbering measurement, it is the 
weight in grams of 9,000 meters of yarn. Therefore, the higher the denier, the larger the yarn. 
Typical nylon carpet fiber has 15-18 denier/filament." (see www.fabrica.com : Glossary of 
Fabric and Rug Terms) Another method that is being used to modify fibers and the resulting 
carpet or textile product is to incorporate not only fibers with mixed deniers, but also mixed 
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lusters, such as the fiber and carpet product seen in commonly-owned US Patent Application 
Serial No.: 10/602459, which is incorporated herein by reference in its entirety. 

Another method of improving the aesthetics of carpet products that is related to the 
mixed denier method is to incorporate two fiber types - such as a low melt continuous 

5 (minority) fiber and a bulked continuous filament (BCF) host fiber. In order to create softer 
resultant carpets with improved tips, surface and texture, however, the concentration of the 
minority fiber needs to be reduced. The reduction in concentration of the low melt continuous 
minority fiber can be difficult because the concentration is ultimately limited by the denier of 
the minority fiber. In a conventional low melt/host fiber product, the low melt continuous 

10 fiber has a yarn denier of about 20-40 denier, and depending on the denier of the host fiber, 
the low melt fiber constituent can greatly influence the final properties of the resultant fiber 
and/or resultant carpet product. Traditionally, carpet yarn deniers range between 1000 and 
1500. 

Caprolactam and nylon compounds have each been individually polymerized with the 
15 same compounds (i.e. caprolactam/caprolactam or nylon/nylon) by anionic polymerization in 
a twin-screw extruder and then tested for residual monomer content and thermal/mechanical 
properties; however, in both processes, there were no mixed monomer anionic 
polymerization, the polymerization process did not result in a pre-fiber gel composition that 
could be processed by any means (including extrusion), there was no pre-fiber dispersion, and 
20 there is no indication that the mechanical strength or thermal strength was improved by the 
single monomer/twin-screw extruder mixing process. (see Antec '93 Conference 
Proceedings, New Orleans, 9 th - 13 th May 1993, Vol. 1, p. 470-473; and Antec '94 Conference 
Proceedings, San Francisco, CA, l st -5 th May 1994, Vol. 1, p. 1 16-22) 

Therefore, it would be desirable to produce a multiphase pre-fiber and/or fiber 
25 material and/or c omposition that a) has sufficient viscosity and suitable melt strength such 
that it can be spun into a fiber or yarn, b) can be processed by any processing method, 
including extrusion, c) can be incorporated into the production of a fiber, yarn, textile and/or 
carpet product, d) allows for reduction of the concentration of or the effect of the low melt 
material component without being constrained by a particular fiber denier, e) would comprise 
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at least two dispersed constituents and exhibits at least two definitive and differentiatable 
melting points, and f) would produce a composition, fiber and/or product having two melting 
points whereby the melt temperature of the constituent having the lower melting point is 
maintained primarily by minimizing/preventing co-polymerization during blending and 
5 processing steps. 
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Summary of the Subject Matter 

A pre-fiber composition is disclosed herein that comprises: a) a first fiber constituent 
having a first melting point; b) a second fiber constituent having a second melting point; and 
c) a gelling agent that solvates at least one of the first fiber constituent or the second fiber 
5 constituent, wherein the gelling agent significantly reduces co-polymerization of either of the 
constituents in the composition. 

A fiber is also disclosed herein that comprises: a) at least two amide-based polymers, 
each having a melting point, wherein the melting point of one amide-based polymer is 
dissimilar to the melting point of a second amide-based polymer; and b) a gelling agent that is 
10 compatible with at least one of the amide-based polymers, wherein the fiber comprises two 
differentiatable melting points that are substantially similar to the melting points of each of 
the amide-based polymers. 

A method of producing a pre-fiber composition is disclosed herein that comprises: a) 
providing a first fiber c onstituent h aving a first m elting p oint; b ) p roviding a s econd fiber 

15 constituent having a second melting point, wherein the first melting point and the second 
melting point are dissimilar; c) providing at least one gelling agent; and d) mixing the first 
constituent, the second constituent and the at least one gelling agent such that there is 
sufficient viscosity and sufficient melt strength in the composition so that it can be spun into a 
fiber and such that the first melting point and the second melting point in the fiber are 

20 substantially similar to their original values before mixing. 
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Brief Description of the Figures 

Figure 1 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

Figure 2 shows data collected that relates to the onset of melting of the binder phase 
5 and the lactam concentration. 

Figure 3 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

Figure 4 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

10 Figure 5 shows data collected that relates to the onset of melting of the binder phase 

and the lactam concentration. 

Figure 6 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

Figure 7 shows data collected that relates to the onset of melting of the binder phase 
15 and the lactam concentration. 

Figure 8 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

Figure 9 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

20 Figure 10 shows data collected that relates to the onset of melting of the binder phase 

and the lactam concentration. 

Figure 1 1 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

Figure 12 shows data collected that relates to the onset of melting of the binder phase 
25 and the lactam concentration. 
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Figure 13 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

Figure 14 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

5 Figure 15 shows data collected that relates to the onset of melting of the binder phase 

and the lactam concentration. 

Figure 16 shows data collected that relates to the onset of melting of the binder phase 
and the lactam concentration. 

Figure 17 shows data collected that relates to fiber tenacity. 

10 Figure 18 shows data collected that relates to fiber tenacity. 

Figure 19 shows data collected that relates to fiber tenacity. 

Figure 20 shows XRD data collected for a contemplated embodiment of the subject 
matter herein. 

Figure 21 shows data collected that relates to the %UE of a contemplated embodiment 
15 of the subject matter herein. 

Figure 22 shows data collected that relates to the %UE of a contemplated embodiment 
of the subject matter herein. 

Figure 23 shows data collected that relates to the %UE of a contemplated embodiment 
of the subject matter herein. 

20 Figure 24s hows d ata c ollected t hat r elates t o t he m elting p oint v ersus the T echnic 

concentration in a contemplated embodiment of the subject matter herein. 

Figure 25 shows XRD data collected for a contemplated embodiment of the subject 
matter herein. 

Figure 26 shows XRD data collected for a contemplated embodiment of the subject 
25 matter herein. 
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Figure 27 shows XRD data collected for a contemplated embodiment of the subject 
matter herein. 

Detailed Description 

5 Am ultiphase p re-fiber and/or fiber m aterial a nd/or c omposition h as b een p roduced 

that a) has sufficient viscosity and suitable melt strength such that it can be spun into a fiber 
or yarn, b) can be processed by any processing method, including extrusion, c) can be 
incorporated into the production of a fiber, yarn, textile and/or carpet product, d) allows for 
reduction of the concentration of or the effect of the low melt material component without 

10 being constrained by a particular fiber denier, e) comprises at least two dispersed constituents 
and exhibits at least two definitive and differentiatable melting points, and f) can produce a 
composition, fiber and/or product having at least two constituents each with a different 
melting point whereby the melt temperature of the constituent having the lower melting point 
is maintained primarily by minimizing/preventing co-polymerization during blending and 

15 processing steps. These pre-fiber and fiber materials and/or compositions at temperatures are 
also able to be processed at or below normal processing temperatures for a nylon fiber 
product. 

In some embodiments, there is a formation of a multiphase pre-fiber and/or fiber gel- 
spun composition and/or material that allows for the control of the properties of the drawn 

20 fiber by allowing for more favorable orientation of the polymer molecules in the fiber. 
Controlling the molecule orientation can lead to increased tensile strength and an overall fiber 
improvement in the fiber physical properties. Furthermore, at least part of the at least one 
gelling agent can be removed and recovered from the spun fiber once formed. Formation of 
one of the embodiments - the pre-fiber gel composition - is also described in commonly- 

25 owned US Utility Application entitled "Pre-fiber Gel Materials and Compositions, Methods 
of Manufacture and Uses Thereof (Serial No. not yet assigned) that has been filed 
concurrently and is incorporated herein in its entirety by reference. 

In order to produce a pre-fiber composition, dispersion and/or material that can be 
formed into a gel spun fiber, a contemplated pre-fiber composition includes: a) a first fiber 
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constituent having a first melting point; b) a second fiber constituent having a second melting 
point; and c) a gelling agent that solvates at least one of the first fiber constituent or the 
second fiber constituent while at the same time minimizing and/or preventing co- 
polymerization of the first constituent with the second constituent or either of the individual 
5 components with itself (for example, first constituent-first constituent intermolecular or 
intramolecular polymerization). In other embodiments, the addition of the at least one gelling 
agent forms a gel composition that has sufficient viscosity and sufficient melt strength upon 
the mixing of the first fiber constituent, the second fiber constituent and the at least one 
gelling agent that the composition can be spun into a fiber. 

10 At this point it should be understood that, unless otherwise indicated, all numbers 

expressing quantities of ingredients, constituents, interaction conditions and so forth used in 
the specification and claims are to be understood as being modified in all instances by the 
term "about". Accordingly, unless indicated to the contrary, the numerical parameters set 
forth i n t he specification and attached c laims are approximations t hat may v ary d epending 

15 upon the desired properties sought to be obtained by the subject matter presented herein. At 
the very least, and not as an attempt to limit the application of the doctrine of equivalents to 
the scope of the claims, each numerical parameter should at least be construed in light of the 
number of reported significant digits and by applying ordinary rounding techniques. 
Notwithstanding that the numerical ranges and parameters setting forth the broad scope of the 

20 subject matter presented herein are approximations, the numerical values set forth in the 
specific examples are reported as precisely as possible. Any numerical value, however, 
inherently contain certain errors necessarily resulting from the standard deviation found i n 
their respective testing measurements. 

A first fiber constituent and a second fiber constituent are the starting points for the 
25 formation of a pre-fiber composition, dispersion and/or material, and the mixture of the two 
can be characterized as a "binder alloy fiber" or an "alloy mixture". It should be understood 
that the first fiber constituent and the second fiber constituent may comprise any suitable 
monomer, p olymer o r m oiety, a s 1 ong a s each i ndividual o r b oth c ombined c onstituents i s 
capable of being used as a fiber material, especially in yarn products, fabric/textile products 
30 and/or carpet products. 
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In one embodiment, the first fiber constituent may comprise at least one amide-based 
compound and/or polyamide-based compound and the second fiber constituent may comprise 
at least one second amide-based compound and/or polyamide-based compound. As used 
herein, the term "compound" means a substance with constant composition that can be broken 
5 down into elements by chemical processes. Polyamides and polyamide-based compounds, as 
the name implies, are polymers that comprise amide monomers. Several contemplated 
polyamide-based compounds comprise nylon-6, nylon-6,6, "nylon-6,6,6" (nylon-6/nylon-6,6 
copolymer) and/or nylon- 12. 

Amides are an important group of nitrogenous compounds and monomers that are 
10 used as intermediates and/or building blocks in the production of polymers, textiles, plastics 
and adhesives. Amide monomers are generally represented by the following formula: 



O 

II 

RCNH 



n 



15 wherein R is an alkyl group, an aryl group, a cyclic alkyl group, an alkenyl group, an 
arylalkylene group, or any other appropriate group that can be utilized to be a part of an amide 
compound. 

As used herein, the term "monomer" generally refers to any chemical compound that 
is capable of forming acovalent bond with itself or a chemically different compound in a 

20 repetitive m anner. T he repetitive b ond f ormation b etween m onomers m ay lead t o a 1 inear, 
branched, super-branched, or three-dimensional product. Furthermore, monomers may 
themselves comprise repetitive building blocks, and when polymerized the polymers formed 
from such monomers are then termed "blockpolymers". The weight-average molecular 
weight of monomers may vary greatly between about 40 Dalton and 20000 Dalton. However, 

25 especially when monomers comprise repetitive building blocks, monomers may have even 
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higher molecular weights. Monomers may also include additional groups, such as groups used 
for crosslinking, radiolabeling, and/or chemical or environmental protecting. 

The term "alkyl" is used herein to mean a branched or a straight-chain saturated 
hydrocarbon group or substituent of 1 to 24 carbon atoms, such as methyl, ethyl, n-propyl, 
5 isopropyl, n-butyl, isobutyl, t-butyl, octyl, decyl, tetradecyl, hexadecyl, eicosyl, tetracosyl and 
the like. In some embodiments, contemplated alkyl groups contain 1 to 12 carbon atoms. The 
term "cyclic alkyl" means an alkyl compound whose structure is characterized by one or more 
closed rings. The cyclic alkyl may be mono-, bi-, tri- or polycyclic depending on the number 
of rings present in the compound. The term M aryl" is used herein to mean a monocyclic 
10 aromatic species of 5 to 7 carbon atoms or a compound that is built with monocyclic aromatic 
species of 5 to 7 carbon atoms and is typically phenyl, naphthalyl, phenanthryl, anthracyl etc. 
Optionally, these groups are substituted with one to four, more preferably one to two alkyl, 
alkoxy, hydroxy, and/or nitro substituents. 

The term "alkenyl" is used herein to mean a branched or a straight-chain hydrocarbon 
15 chain containing from 2 to 24 carbon atoms and at least one double bond. Preferred alkenyl 
groups herein contain 1 to 12 carbon atoms. The term "alkoxy" is used herein to mean an 
alkyl group bound through a single, terminal ether linkage; that is, an alkoxy group may be 
defined as -OR wherein R is an alkyl group, as defined above. The term "arylalkylene" is 
used herein to mean moieties containing both alkylene and monocyclic aryl species, typically 
20 containing less than about 12 carbon atoms in the alkylene portion, and wherein the aryl 
substituent is bonded to the structure of interest through an alkylene linking group. 
Exemplary arylalkylene groups have the structure -(CH 2 )j-Ar wherein "j" is an integer in the 
range of 1 to 6 and wherein " Ar" is an aryl species. 

The first fiber constituent comprises a first melting point and the second fiber 
25 constituent has a second melting point, and it should be understood that the first melting point 
and the second melting point are different from one another. Melting points can be 
determined by any available method, including differential scanning calorimetry (DSC), 
which is used herein and shown in the Examples section. It should further be understood that 
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these at least two melting points are found in the same pre- fiber composition and/or the same 
fiber before the fiber is formed and after the fiber is formed/spun. 

In additional embodiments, at least one additional fiber constituent may be added to 
the pre-fiber composition and/or dispersion, wherein the at least one additional fiber 
5 constituent has at least one additional melting point that is measurably different from both the 
first melting point and the second melting point. 

At least one gelling agent is provided that is mixed and/or blended with the first or 
second fiber constituent, the at least one polyamide-based or the at least one amide-based 
compound in order to form a contemplated pre-fiber composition and/or dispersion. The at 

10 least one gelling agent may comprise any suitable solvent that a) can solvate and is 
compatible with either the first or the second fiber constituent and b) is at least partially 
compatible with the other fiber constituent(s) in the pre-fiber composition. As mentioned, a 
suitable gelling agent is one that is compatible with either the first or the second fiber 
constituent. The term "compatible" means that gelling agent that does not contribute any 

15 negative effects to the pre-fiber composition, such as by making one of the constituents 
"watery", by reacting with either the first or second fiber constituent (or additional 
constituents), by making the dispersion "non-spinnable", by making the "low melt" 
constituent into a composition that does not retain its low melting point, by inducing co- 
polymerization in the dispersion between or among any of the constituents and combinations 

20 of any of these negative effects thereof 

In some embodiments, especially those embodiments where the first fiber constituent 
and the second fiber constituent comprise amide-based compounds, the gelling agent 
comprises a lactam. It should be understood that lactam is a suitable gelling agent because, in 
the embodiments where the first fiber constituent and the second fiber constituent comprise 
25 amide-based compounds, lactam is very compatible with at least one of the first fiber 
constituent or the second fiber constituent and is at least partially compatible with the other 
fiber constituent(s). 

In yet other embodiments, t he 1 actam-based gelling a gent c omprises a caprolactam, 
such as e-caprolactam. e-Caprolactam, also known as aminocaproic lactam and 2- 
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oxohexamethyleneimine, is a compound that is produced in flake and molten forms and is 
used primarily in the manufacture of nylon-6 and nylon-6,6,6 products such as those products 
contemplated herein or other synthetic fibers, plastics, bristles, films, coatings, synthetic 
leathers, plasticizers and paint vehicles. Caprolactam can also be used as a cross-linking 
agent for polyurethanes and in the synthesis of the amino acid lysine. A contemplated lactam 
preparation method is shown herein in Example 1. 

Amides, such as caprolactam, can also be produced by reacting a ketone with 
hydroxylamine to make an oxime, and then using an acid catalyzed rearrangement of the 
oxime(s), conventionally called the Beckmann rearrangement, to form the amide. Merchant 
quality caprolactam can be produced by methods described in US Patent Application Serial 
No.: 10/251335 filed on September 21, 2002, which is commonly owned and herein 
incorporated in its entirety. 

The at least one gelling agent may be added in any suitable weight percentage with 
respect to the other composition/dispersion constituents, as long as the addition of the gelling 
agent aids in the production of a pre-fiber composition/dispersion. In a contemplated 
embodiment, the at least one gelling agent comprises less than 50 weight percent of the 
composition/dispersion. In another contemplated embodiment, the at least one gelling agent 
comprises less than 40 weight percent of the composition/dispersion. In yet another 
contemplated embodiment, the at least one gelling agent comprises less than 30 weight 
percent of the composition/dispersion. In other contemplated embodiments, the at least one 
gelling a gent c omprises less t han 2 0 w eight p ercent o f t he c omposition/dispersion. In yet 
other contemplated embodiments, the at least one gelling agent comprises less than 10 weight 
percent of the composition/dispersion. Also, in some contemplated embodiments, the at least 
one gelling agent comprises less than 5 weight percent of the composition/dispersion. 

Once the pre-fiber composition/dispersion is formed, the composition/dispersion may 
be extruded through a suitable die or spinnerette for production of a "minority" fiber. It 
should be understood that the resulting fiber will comprise the first fiber constituent having 
and retaining a first melting point (at or near its original melting point) and the second fiber 
constituent having and retaining a second melting point (at or near its original melting point), 
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whereby co-polymerization between any or all of the constituents has been minimized and/or 
prevented entirely through the addition of the gelling agent. The minority fiber may then be 
combined with a "host" fiber or bulked continuous filament (BCF) "host" fiber to create a 
carpet product that is softer than conventional carpet products made with conventional low 
5 melt fiber comprising 100% low melt co-polymer and that comprises improved tips, surface 
and texture, as opposed to conventional carpet products made without the addition of low melt 
fibers. These conventional melt-blended polymer fibers generally comprise significant and 
undesirable co-polymerization, such that the melt point of the low melt polymer increases as 
the amount of the higher melt point polymer increases. These fibers will not melt and bond at 
10 the temperature of the original low melt polymer and hence not effect the aesthetics of the 
resultant carpets if heat treated at the same temperature. 

In addition, a method of producing a pre-fiber composition and/or dispersion includes: 
a) providing a first fiber constituent having a first melting point; b) providing a second fiber 
constituent having a second melting point, wherein the first melting point and the second 

15 melting point are dissimilar; c) providing at least one gelling agent; and d) mixing the first 
fiber constituent, the second fiber constituent and the at least one gelling agent such that there 
is sufficient viscosity and sufficient melt strength in the composition so that it can be spun 
into a fiber while at the same time minimizing and/or preventing co-polymerization between 
any of the constituents. Once the pre-fiber composition and/or dispersion is formed, it can be 

20 formed into a fiber, which can in turn be combined with a host fiber to form a yarn and then a 
carpet product having improved tips, surface and texture. 

The first fiber constituent, the second fiber constituent, the at least one gelling agent 
and/or the at least one a dditional constituent and/or gelling agent may be provided by any 
suitable method, including a) buying at least some of the first fiber constituent, the second 

25 fiber constituent, the at least one gelling agent and/or the at least one additional constituent 
and/or gelling agent from a supplier or textile mill; b) preparing or producing at least some of 
the first fiber constituent, the second fiber constituent, the at least one gelling agent and/or the 
at least one additional constituent and/or gelling agent in house using chemicals provided by 
another source and/or c) preparing or producing at least some of the first fiber constituent, the 

30 second fiber constituent, the at least one gelling agent and/or the at least one additional 
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constituent and/or gelling agent in house using chemicals also produced or provided in house 
or at the location. 

During or after the formation of contemplated pre-fiber compositions, gel-spun fiber 
materials, yarn products and/or carpet products, a thermal energy may be applied to the 
materials and/or products, wherein the thermal energy comprises a temperature that is below, 
at or above the melting point of the higher melting point constituent, the fiber and/or other 
heat-active components. The thermal energy can be applied to activate at least some of the 
plurality of fibers. In some embodiments, activating the fibers comprises forming chemical, 
such as covalent, ionic or hydrogen and/or physical, such as adhesion, bonds between at least 
some of the plurality of fibers and at least one of the other components. It should be 
understood, however, that the thermal energy will not induce co-polymerization between any 
of the constituents in the minority fiber or pre-fiber composition. It should also be understood 
that regardless of the temperature of the thermal energy that is applied - whether its below, at 
or above the melting point of the higher melting fiber constituent - the pre-fiber composition 
and/or fiber product continues to maintain at least two distinct and differentiatable melting 
points. 

The thermal energy may come from any suitable source, including extended/non-point 
sources, such as a UV-VIS source, an infra-red source, a heat source, both radiative and 
convective, or a microwave source; or electron sources, such as electron guns or plasma 
sources. Other suitable energy sources include electron beams, and radiative devices at non- 
IR wavelengths including x-ray, and gamma ray. Still other suitable energy sources include 
vibrational sources such as microwave transmitters. In preferred embodiments, the energy 
source is an extended source. In more preferred embodiments, the energy source is a heat 
source, such as an atmospheric pressure forced air machine, which can be followed by a steam 
purge, or a pressurized twist-setting machine. An example of an atmospheric pressure forced 
air machine is the Suessen® Twist-Setting Machine. Examples of pressurized twist-setting 
machines are those of the autoclave-type and those manufactured by Superba®. 

It should be understood that the thermal energy may be applied consistently or in short 
bursts. It is also contemplated that the thermal energy may be gradually and continuously 
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applied over a temperature range until the thermal energy is at or above the melting point of 
the fiber or other heat-active components. For example, the fiber material and/or yarn may be 
heated by an atmospheric pressure forced air machine at a temperature of about 195°C for a 
residence time of about 60 seconds, before the treated fiber material and/or yarn product is 
tufted. The thermal energy may also be immediately applied at or above the melting point of 
the binder fiber and/or other heat-active components without any ramp time. It should also be 
understood that the temperature at which the low melt polymer phase melts is generally 
dependent on the atmospheric conditions. For example, the melt point of polyamides are 
depressed in the presence of water. 

The pre-fiber materials contemplated and described herein may be used alone or in 
combination with other materials and/or products to form any suitable product, including a 
spun fiber product, a yarn product, a fabric product and/or a carpet product. 
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Examples 

The pre-fiber composition, spun and gel-spun fiber materials, yarn products, carpet products 
and methods used to produce those materials and products, as described in the examples, are 
for illustrative purpose only and should not, in any way, limit the scope of this invention. 

5 

Example 1 - Lactam Preparation 

Four liters of caprolactam were melted in a convection oven overnight in a covered 
container. The lactam was poured into a 5L 3-necked distillation flask with a magnetic stir 
bar a nd a n e lectric h eating m antle ( top a nd b ottom m antles). T he d istillation c olumn w as 

10 vacuum jacketed by a 29/42 column and a 10 tray section, a 5 tray section, a splitting 
distillation head and a condenser. The condenser was held at 50°C with a heated water 
circulator. T he sy stem had t he p ressure r educed f rom 7 m m H g t o 4 mm H g. H eat w as 
applied and the column was brought to reflux conditions and held for 30 minutes. After 30 
minutes for the column to stabilize, the distillation head splitter was activated with a 4 second 

15 take off and a 10 second reflux. Slightly less than 1 liter of lactam was distilled off The heat 
was turned off and the mantles were removed allowing the lactam in the 5 -liter flask to drop 
to 90°C before breaking the vacuum on the system. The 5 -liter flask was removed and the 
lactam was poured into 1 -liter nalgene beakers and promptly placed into a glove box with a 
dry nitrogen atmosphere. After cooling overnight, the crystal lactam was transferred to plastic 

20 bags and was broken into flake form with a hammer inside the glove box. The lactam was 
stored inside the dry glove box under house nitrogen until needed for the pre-fiber gel 
composition formation. 
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Example 2 - A Contemplated Pre-Fiber Gel Composition Formation 

Nylon-6 was ground to a fine powder and mixed with a lactam gelling agent, which 
was in this case - caprolactam. A Braybender mixer was used to mix the nylon and 
caprolactam at a speed of 6 0 RPM. A ddition t ime t ook about 5 minutes and the gel was 
allowed to mix for 15 minutes after charging at the temperature indicated. The samples were 
removed while the Braybender was running with a brass wipe stick. The samples were then 
ground in a Willey mill using a course screen. A weighted amount of each ground gel mix 
was extracted 16+ hours using a jacketed soxlet extractor. The extract was filtered using a 
folded #54 paper and rinsed into a 100 mL volumetric flask. The extract was brought to 
volume with deionized water and then analyzed by Gas Chromatography for % lactam using a 
Carbowax column. 



Gel Mix 


Braybender 
Temperature 


Weight 
Extracted 


Volume 


% Lactam 
in extract 


% Lactam 
in Gel by 
GC 


5% Lactam 


225 


8.9041 


100 


0.2867 


3.22 


10% Lactam 


220 


9.0031 


100 


0.4204 


4.67 


1 5% Lactam 


215 


9.7892 


100 


0.9114 


9.31 


20% Lactam 


210 


8.6867 


100 


0.966 


11.12 


30% Lactam 


205 


8.7811 


100 


1.8124 


20.64 


40% Lactam 


194 


7.6208 


100 


2.3396 


30.7 



The resulting gels were gel spun on an twin screw extruder. The gels spun into a fiber 
product surprisingly well and packages of fiber were able to be prepared at most conventional 
spinning conditions. Furthermore, it was observed that extruder temperature could be 
dropped b elow c onventional c onditions f or n eat p olymers, given t hat t he gel compositions 
allowed for lower extruder pressures. Tables 1-5, shown below, give summaries of several of 
the spinning conditions utilized in these Examples. 
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Example 3 - A Contemplated Pre-Fiber Composition Formation 

Background: 

Conventional binder alloy samples (1-end of 22 denier/12 fils) were inserted into 1202 
5 mp 2-ply yarns during cabling and Superba® heatset. Plybond tests of the yarns did not show 
any evidence of bonding after Superba® heatset. Subsequently, we autoclave heatset the 
yarns followed by conversion into a banded carpet. No significant aesthetic effect in the 
carpet was observed with any of the conventional binder alloy samples. However, there was a 
slight impact (firmness) on carpet hand at the lowest nylon/binder ratio, but no texture or 
10 surface change in the carpet was observed. 

This study investigated low melt alloy fibers with modifications to their compositions 
(higher Technic "binder" and higher lactam concentrations). The goal of the study was to 
find an alloy composition that would melt and bind fibers together within a bundle during 
Superba® heatsetting. A primary requirement is that the composition must be melt spinnable 
15 and have acceptable fiber tensile properties. 

Experimental: 

The polymer blends were combined in a twin screw extruder and directly spun into 
fibers. The polymer melt temperature was at or below 218°C for all the blends evaluated, 
20 except for Sample #9, which was also run at 225°C. The finish emulsion was F- 137- 10 
(Finish type F-137 with 10% Emulsion). The target Wet Pick Up (WPU) was 8% and the 
actual WPU was about 3.3-5.2%. The BCF host fiber is about 1 100-1200 textured denier and 
is subsequently twisted to at least 5.75 tpi and Superba® textured prior to tufting. 

The following compositions were evaluated and spun into 25 denier/12 filaments and 
25 50/12 fiber bundles, as shown in Table 6: 
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Sample 


Technic (%) 


Nylon-6 (%) 


Lactam (%) 


1 


70 (840g) 


20 (240g) 


10(120g) 


2 


85 (1020g) 


5 (60g) 


10(120g) 


3 


70 (840g) 


5 (60g) 


25 (300g) 


4 


75 (900g) 


10(120g) 


15(180g) 


5 


70 (840g) 


12.5 (150g) 


17.5 (2 lOg) 


6 


77.5 (930g) 


5 (60g) 


17.5 (2 lOg) 


7 


77.5 (930g) 


12.5 (150g) 


10(120g) 



Table 6 

The binder fiber samples were inserted on a drawing and texturing machine into the 
5 host product (1123 mt) after drawing/texturing and before commingling. The samples were 
Superba textured heatset at 258°C. Yarns were tested for plybonding and forwarded for 
conversion to a bonded carpet. 

Observations: 
io Carpet Aesthetic Evaluation: 



Carpet 
ID 


Band 
Order 


Host 
Fiber 


Tpi 

(inserted) 


Binder 

(%) 


Nylon 
(%) 


Lactam 
(%) 


Denier 


A 


1 


1123 mt 


5.75 


0 


100 


0 


25 


A 


2 


1123 mt 


5.75 


70 


20 


10 


25 


A 


3 


1123 mt 


5.75 


70 


12.5 


17.5 


25 


A 


4 


1123 mt 


5.75 


77.5 


12.5 


10 


25 


A 


5 


1123 mt 


5.75 


75 


10 


15 


25 


A 


6 


1123 mt 


5.75 


100 


0 


0 


20 


B 


1 


1123 mt 


5.75 


0 


100 


0 


25 
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B 


2 


1123mt 


5.75 


70 


12.5 


17.5 


50 


B 


3 


1123 mt 


5.75 


77.5 


12.5 


10 


50 


B 


4 


1123 mt 


5.75 


75 


10 


15 


50 


B 


5 


1123 mt 


5.75 


77.5 


5 


17.5 


50 


B 


6 


1123 mt 


5.75 


85 


5 


10 


50 



Table 7 



The cut pile carpets were S { gauge, the stitches per inch were 8, and the pile height 
was 22/32". The carpets were dyed and finished. The carpet bands were cut apart and 
subjectively evaluated for tips/texture and hand. The rankings were as follows: 

Hand Evaluation: 

Softest Firmest 

A1=B1 <A4 < B2=A3 <B4 <A2=A5 <A6 < B3 < B5 <B6 

{ — Desirable } 

Tips/Texture Evaluation: 

Low (Worst) High (Best) 

A1=B1 <A4 <B2=B4 <A3=A2=B3 <A5=B5 <A6 < B6 

{- — Desirable } 

The best blend of hand and tips/texture appears close to those observed in samples A3 
and B4. These results showed that nylon-6, nylon-6/6,6 and lactam can be blended together 
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to form a multiphase fiber system and that when inserted into a host fiber and subsequently 
heatset yields carpets with varying degrees of hand and texture. The hand and tips/texture of 
the resultant carpets is a function of composition. 

Lactam concentration in the alloy mixture can have a significant negative effect on 
tenacity and ultimate elongation (UE). Tenacity and UE increase with decreasing lactam 
concentration. Concentrations at 10% or less appear most desirable with respect to fiber 
physical properties. The optimum mixture composition within the ranges evaluated was 78- 
82% binder polymer, 8-12% nylon-6 and <10% lactam, with respect to tensile properties. 

Fiber Melting Properties: 

Table 8 shows the experimental conditions for the Fiber Melting Tests, including 
showing each Sample ID (from Table 6 above). Table 9 shows the DSC results for each of 
these Sample IDs. 

There are t wo d istinct p olymer p hases i n t he p olyamide alloy a s evidenced b y t wo 
distinct melting points and multiple birefringence transitions. The shape and location of the 
melting peaks vary with composition and spinning melt temperature. 

Lactam concentration significantly effects the onset of melting of the binder polymer 
phase. The onset of melting of the binder phase decreases linearly as lactam concentration 
increased as observed in this Example and Figures 1-6. 

The ratio of lactam/nylon-6 is highly correlated with melt point of the binder polymer 
phase. As the ratio increases above 1.5, the melt point of the binder phase decreases. This 
decrease in melt point is likely associated with a lactam phase and its solvation effect on the 
nylon-6 phase, which minimizes the co-polymerization of the two polyamide phases during 
melt processing. 

The sharpness of the melting peak (T meir T onse t) of the binder polymer phase varies 
linearly with the lactam/binder polymer ratio. The binder phase melt peak broadens as the 
lactam/binder ratio increase. 
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The number of plybonds stronger than the control yarn (no binder) response increases 
(non-linearly) as the nylon/binder ratio decreases. The average force to pull the yarns apart 
also increases (non-linearly) as the nylon/binder ratio decreases. Increasing the bundle denier 
of the binder alloy in the host fiber increases the number of bonds and the mean force to pull 
the yarns apart, as expected. 

The lactam remaining in the fiber after extrusion is approximately 50% of the original 
amount added (over and above the lactam present in the original nylon-6 (MBM)). 
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Example 4 - Another Contemplated Pre-Fiber Composition Formation 

Background: 

The previous study demonstrated sufficient melting and bonding of the binder alloy 
fibers through the Superba® HS process. The compositional effects on the fiber tensile 
5 properties and the melting/bonding properties of the binder alloy fibers are better understood 
through this and other Examples. 

Experimental: 

The polymer blends were combined in a twin screw extruder and directly spun into 
10 fibers. The polymer melt temperature was at or below 218°C for all the blends evaluated, 
except for Sample #9, which was also run at 225°C. The finish emulsion was F- 137- 10. The 
target Wet Pick Up (WPU) was 8% and the actual WPU was about 8-9%. The BCF host fiber 
is about 1100-1200 textured denier and is subsequently twisted to at least 5.75 tpi and 
Superba® textured prior to tufting. 

15 The following compositions were evaluated and spun into 20 denier/6 filaments fiber 

bundles and are shown in Table 10 below: 



Sample 


Technic % (Grams) 


NYLON-6 % (GRAMS) 


Lactam % (grams) 


1 


80(1440g) 


10 (180g) 


10 (180g) 


2 


80(1440g) 


12.5 (225g) 


7.5(135g) 


3 


80(1440g) 


15 (270g) 


5 (90g) 


4 


75 (1350g) 


15 (270g) 


10(180g) 


5 


75 (1350g) 


17.5 (315g) 


7.5(135g) 


6 


75 (1350g) 


20(360g) 


5 (90g) 


7 


70(1260g) 


20 (360g) 


10 (180g) 


8 


70 (1260g) 


22.5 (405g) 


7.5(135g) 


9 


70(1260g) 


25 (450g) 


5 (90g) 


10 


100(1800g) 


0(0g) 


0(0g) 


11 


0(1800g) 


100 (Og) 


0(0g) 


12 


0(0g) 


100 (1800 g) 


0(0g) 
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The binder fiber samples were inserted on a drawing and texturing machine into the 
1202 mt after drawing/texturing and before commingling. The samples were Superba 
textured heatset at 258°C. Yarns were tested for plybonding and forwarded for conversion to 
a bonded carpet. 

•I 

5 

Observations: 

Lactam concentration in the alloy mixture can have a significant negative effect on 
tenacity and ultimate elongation (UE). Tenacity and UE increase with decreasing lactam 
concentration. Minimizing lactam concentration appears to be most desirable with respect to 

10 fiber physical properties. However, lactam concentration effects other melting properties and 
this impact should be considered when establishing the lactam target level. Note: sufficient 
lactam is required at low spinning melt temperatures (< 220°C) to achieve a phase separation 
of MBM (a nylon-6 based resin) and Technic (a nylon 6,6,6 based resin - with 70% nylon-6 
and 30% nylon-6,6) polymers. Concentrations ^as low as about 5% were successfully 

15 evaluated. 

Fiber Melting Properties: 

Tables 11-13 show the experimental conditions for the Fiber Melting Tests, including 
showing each Sample ID (from Table 10 above). Table 14 shows the DSC results for each of 
20 these Sample IDs. 

There are t wo d istinct p olymer p hases i n t he p olyamide alloy a s evidenced b y t wo 
distinct melting points and multiple birefringence transitions. The shape and location of the 
melting peaks vary with composition and spinning melt temperature. Sample 9, shown 
below, was spun at 217°C and 225°C, which is slightly higher than the melt point of nylon-6. 
25 However, the DSC tests of this sample showed two distinct melting points and a sharper 
melting peak of the binder polymer phase with a reduced melting point. This result was 
unexpected, since we have observed that at melt temperatures around 260°C, there is only one 
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distinct polymer phase for a 50/50 Technic/nylon blend and melting point, in the absence of 
additional lactam. 

Lactam concentration significantly effects the onset of melting of the binder polymer 
phase. The onset of melting of the binder phase decreases linearly as lactam concentration 
increased as observed in this Example and Figures 7-16. 

The ratio of lactam/nylon-6 is highly correlated with melt point of the binder polymer 
phase. As the ratio increases above 1.5, the melt point of the binder phase decreases. This 
decrease in melt point is likely associated with a lactam phase. The sharpness of the melting 
peak (Tmeit-Tonset) of the binder polymer phase varies linearly with the lactam/binder polymer 
ratio. The binder phase melt peak broadens as the lactam/binder ratio increase. 

The number of plybonds stronger than the control yarn (no binder) response increases 
(non-linearly) as the nylon/binder ratio decreases. The average force to pull the yarns apart 
also increases (non-linearly) as the nylon/binder ratio decreases. Increasing the bundle denier 
of the binder alloy in the host fiber increases the number of bonds and the mean force to pull 
the yarns apart, as expected. 



25 



Honeywell Ref. No.: H0005274 (4580) 
Bingham Ref. No.: 7036422001-3227000 



Example 5 - Another Contemplated Pre-Fiber Composition Formation 

Background: 

Example 4 showed that the shape and location of the melting peaks may vary with 
spinning melt temperature, in addition to composition. Sample 9 from Example 4 was spun at 
5 217°C and 225°C, which is slightly higher than the melt point of nylon-6. The DSC tests of 
this sample (#9B) showed 2 distinct melting points, which implies two distinct crystalline 
phases were present. This result was unexpected, since it has been observed that at melt 
temperatures around 260°C there is only one distinct polymer phase at a 50/50-Technic/nylon 
blend and one melting point, in the absence of additional lactam. 

10 

Experimental: 

The polymer blends were combined in a twin screw extruder and directly spun into 
fibers. The polymer melt temperature was varied between about 225°C and about 265°C. The 
BCF host fiber is about 1 100-1200 textured denier and is subsequently twisted to at least 5.75 
15 tpi and Superba® textured prior to tufting. 

The following compositions were evaluated and spun into 20 denier/6 filaments fiber 
bundles and are shown in Table 15 below: 



Sample (Melt Temp 
°C) 


Technic %(grams) 


NYLON-6 % (GRAMS) 


Lactam % (Grams) 


9B (225) 


70 (3150g) 


25 (1125g) 


5 (225g) 


9C (235) 


70 (3150g) 


25 (1125g) 


5 (225g) 


9D (245) 


70 (3150g) 


25 (1125g) 


5 (225g) 


9E (255) 


70 (3150g) 


25 (1125g) 


5 (225g) 


9F (265) 


70(3150g) 


25 (1125g) 


5 (225g) 



20 
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Observations: 

Tenacity of the resulting fibers improves as the spinning melt temperature increases 
from 218°C to about 235°C with the composition evaluated. At temperatures greater or equal 
5 to about 235°C, tenacity remains constant and equal to the tenacity of the 100% binder 
(Technic) fibers. (See Figures 17-19). 

Fiber Melting Properties: 

Tables 16-17 show the experimental conditions for the Fiber Melting Tests, including 
10 showing each Sample ID (from Table 15 above). Table 18 shows the DSC results for each of 
these Sample IDs. 

Increasing the spinning melt temperature doesn't significantly effect the melting 
behavior of the nylon or the binder (Technic) polymer phases. There were two distinct 
melting peaks in all of the samples evaluated between about 225°C and about 265°C. These 
15 results were unexpected. It was anticipated that co-polymerization would have taken place 
resulting in a single polymer phase with one distinct melting point. The following data are 
averages of all of the samples evaluated, since there were no significant differences between 
the samples. Each sample was tested in duplicate. The values are in degrees C: 

Technic Phase Nylon-6 Phase Sample 

20 Onset Melting q C Tmelt °C Tmelt °C Preparation 

180.9 188.6 216.1 Dried prior 

TO TESTING 

110°C-16 

HOURS 

25 176.6 187.9 215.4 None- 

Tested as 
Received 
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Testing the samples as received prevents the formation of a low temperature melting 
peak at about 132-149°C. However, drying the fiber samples before DSC testing did not 
materially effect the melting point of either the Technic or nylon phases. The onset of melting 
of the Technic phase was slightly lower when the samples were tested as received. 

5 The multiphase fibers appear to have less gamma (y) crystalline structure as compared 

to the 100% Technic or 100% nylon-6 fibers. The XRD tests on sample 9F shows <xl and a2 
crystalline peaks (see Figure 20). 
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Example 6 - Another Contemplated Pre-Fiber Composition Formation 

Background: 

Example 5 investigated the effect of spinning melt temperature on the resultant fiber 
melting and physical properties. The composition was held constant at 70% Technic, 25% 
5 nylon-6 and 5% lactam. Increasing the spinning melt temperature did not significantly effect 
the melting behavior of the nylon or the binder (Technic) polymer phases. There were two 
distinct melting peaks in all of the samples evaluated between about 225°C and about 265°C. 
These results were unexpected. This Example shows if the presence of additional lactam is 
responsible for achieving multiple phase fibers spun at temperatures significantly higher than 
10 the melt point of either base polymer. This Example will establish the role that lactam plays 
in the phase separation of the two polymers and what is the minimum lactam level required to 
achieve phase separation during melt spinning. 

Experimental: 

15 The polymer blends were combined in a twin screw extruder and directly spun into 

fibers. The polymer melt temperature was varied between about 225°C and about 265°C. The 
BCF host fiber is about 1 100-1200 textured denier and is subsequently twisted to at least 5.75 
tpi and Superba® textured prior to tufting. 

The following compositions were evaluated and spun into 20 denier/6 filaments fiber 
20 bundles and are shown in Table 19 below: 



Sample (Melt Temp 
°C) 


Technic (%) 


NYLON-6 (%) 


Lactam (%) 


1A (265) 


73.7 


26.3 


0 


IB (255) 


73.7 


26.3 


0 


1C (245) 


73.7 


26.3 


0 


2 (255) 


71.47 


25.53 


3 


3 (255) 


72.58 


25.92 


1.5 


4 (265) 


73.13 


26.12 


0.75 
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The Technic/nylon-6 ratio was 2.8 for all of the above-referenced samples. 
Observations: 

Increasing lactam concentration has a negative effect on fiber physical properties as 
previously observed in Example 4. Increasing the melt temperature from about 245°C to 
about 265°C increases the % UE of the resultant fibers slightly, (see Figures 21-23) 

Fiber Melting Properties: 

Tables 20-21 show the experimental conditions for the Fiber Melting Tests, including 
showing each Sample ID (from Table 19 above). Table 22 shows the DSC results for each of 
these Sample IDs. 

Removing excess lactam from the given compositional blend (Technic/nylon-6 ratio = 
2.8) did not materially effect the melting point of either base polymer phase. Two distinct 
melt points were observed in the samples without additional lactam at temperatures between 
about 245°C and about 265°C. 
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Example 7 - Another Contemplated Pre-Fiber Composition Formation 

Background: 

Example 6 showed that removing excess lactam from the given compositional blend 
(Technic/nylon-6 ratio = 2.8) did not materially effect the melting point of either base 
5 polymer phase within the lactam range evaluated. This Example looks at the compositional 
effects in the absence of additional lactam on the phase separation of the two base polymers 
as evidenced by two distinct melting points. 

Experimental: 

10 The polymer blends were combined in a twin screw extruder and directly spun into 

fibers. The polymer melt temperature was held constant at about 255°C. The BCF host fiber 
is about 1100-1200 textured denier and is subsequently twisted to at least 5.75 tpi and 
Superba® textured prior to tufting. 

The following compositions were evaluated and spun into 20 denier/6 filaments fiber 
15 bundles and are shown in Table 23 below: 



Sample 
(Technic/nylon Ratio) 


Technic (%) 


NYLON-6 (%) 


Lactam (%) 


1(2) 


66.67 


33.33 


0 


2(1.5) 


60 


40 


0 


3(1) 


50 


50 


0 


4 (.5) 


33.33 


66.67 


3 


5 (-75) 


42.86 


57.14 


1.5 



Observations: 

20 Varying the Technic/Nylon ratio in the absence of additional lactam did not 

significantly effect the resultant fiber physical properties at spinning melt temperatures 
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significantly higher than the melt point of either base polymer (255°C). The physical 
properties were very good and similar for all of the samples evaluated. 

Fiber Melting Properties: 

5 Tables 24-25 show the experimental conditions for the Fiber Melting Tests, including 

showing each Sample ID (from Table 23 above). Table 26 shows the DSC results for each of 
these Sample IDs. 

Two distinct melting points are observed at Technic (nylon-6,6,6 co-polymer) 
concentrations between about 40 and 75%. In this conventional melt blending of two 
10 polyamide polymers, the melt point of the low melt co-polymer (nylon-6,6,6) increases as the 
amount of the higher melt point polymer (nylon-6) increases. This observation can be 
attributed to co-polymerization that takes place during melt processing, (see Figure 24) The 
increase in melting point of the Technic phase varies linearly with Technic concentration in 
the absence of lactam. 

15 When combining previous data collected with this Example, it is evident that the 

incorporation of additional lactam decreases the melt point of the Technic phase for a given 
Technic concentration. Solution or gel spinning of the high melt point polyamide with 
caprolactam in the presence of the low melt polyamide appears to maintain the melt 
temperature of the low melt polyamide by minimizing/preventing the co-polymerization 

20 during blending and processing. 

The following regression equation was established using the current and previous 
compositions evaluated: 

T meU (nylon-6,6,6) = 159 + 0.190*(% nylon-6,6,6) + 0.575*(% nylon-6) - 2.35*(% lactam/% nylon- 
25 6) 

Note: This equation accounts for over 87% of the variation in the melting point of the 
nylon-6,6,6 phase in the blend. 
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Crystallinty: 

The XRD analysis of selected samples shows the XRD patterns associated with the 
crystalline structure vary as a function of composition. More importantly, the addition of 
5 lactam to the mixture significantly changes the crystalline structure to more of an alpha 
structure (more stable) than the typical g amma c rystalline form, which is common for this 
type of fiber and process. Sample 9F from Example 5 was included in the overlay graph for 
comparison. (See Figures 25-27). 

10 Thus, specific embodiments and applications of multiphase pre-fiber and fiber 

compositions and materials, their manufacture and uses thereof have been disclosed. It should 
be apparent, however, to those skilled in the art that many more modifications besides those 
already described are possible without departing from the inventive concepts herein. The 
inventive subject matter, therefore, is not to be restricted except in the spirit of the disclosure. 

15 Moreover, in interpreting the disclosure, all terms should be interpreted in the broadest 
possible manner consistent with the context. In particular, the terms "comprises" and 
"comprising" should be interpreted as referring to elements, components, or steps in a non- 
exclusive manner, indicating that the referenced elements, components, or steps may be 
present, or utilized, or combined with other elements, components, or steps that are not 

20 expressly referenced. 
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